and respiratory syndrome virus.
Porcine reproductive and respiratory syndrome virus (PRRSV), a member of the proposed family Arteriviridae, causes abortion, premature farrowing, neonatal pneumonia, a marked increase in weaned/grower pig mortality due to secondary bacterial infections, and subclinical i n f e~t i o n .~. '~,~~ The purpose of this report is to describe microscopic lesions in fetuses from four herds experiencing reproductive failure characterized by mummified fetuses, stillborn pigs, and weak live-born pigs.
Fetal tissues and thoracic fluid from herd No. 1 and fetuses from herd Nos. 2, 3, and 4 were submitted to the Minnesota Veterinary Diagnostic Laboratory. Abortion induced by PRRSV infection was the tentative diagnosis of each submitting veterinarian. The clinical history from each case was brief. Purchased replacement gilts in herd No. 1 developed a transient cough and anorexia shortly after arrival on the farm. When replacement gilts started farrowing, a high percentage of stillborn and mummified fetuses and weak liveborn pigs was observed. There were no abortions in native sows and gilts. The clinical histories in herd Nos. 2, 3, and 4 were described as abortions and delivery of many stillborn and weak live-born pigs.
The diagnostic tests used to determine if PRRSV was the cause of these abortions were virus isolation, immunohistochemistry, serology, detection of IgG in fetal thoracic fluid, and light micro~copy.',~,~J~ Lung, heart, spleen, kidney, brain, and thoracic fluid were pooled, homogenized, and cultured in porcine alveolar macrophages. Immunohistochemistry was used to identify PRRSV in tissues when virus isolation was negative. Fetal lung, heart, brain, liver, and kidney were fixed in 10% neutral buffered formalin, routinely processed, paraffin embedded, and stained using Harris's hematoxylin and eosin (HE).
The immunogold-silver staining procedure was a modification of a previously published method.8 Paraffin-embedded lung was sectioned at 4 Fm, mounted on 2% silane-coated slides (Pierce, Rockford, IL), and dried for 2 hours at 56 C. Sections were deparaffinized in xylene for 10 minutes followed by rehydration in graded ethanols and rehydration for 20 minutes in running distilled water. High-temperature heat denaturation was used for antigen retrieval.12 All procedures were performed at room temperature, and all reagents were made with ultrapure water. After antigen retrieval, sections were blocked for 10 minutes with 0.1% bovine serum albumin (BSA) and 5% fetal bovine serum (FBS), washed twice (5 minutes each) in Tris-buffered saline (TBS, pH 7.4), blocked for 20 minutes with 10% normal goat serum in TBS, and incubated with a PRRSV monoclonal antibody (diluted 1 : 400 in a solution of 0.5 M NaCl, 0.1% BSA, 5% FBS, and 0.05% Tween 20) for 1 hour." Sections were washed three times in TBS (5 minutes each), blocked with 10% normal goat serum for 10 minutes, and incubated with a 1 : 20 dilution of a gold-labeled ( 5 nm) goat anti-mouse IgG (Sigma Chemical Co., St. Louis, MO) for 1 hour. Sections were washed three times ( 5 minutes each) in TBS and three times in ultrapure water ( 5 minutes each), treated with a silver ampli- fication solution (Sigma Chemical Co.) for 5.5 minutes, rinsed with ultrapure water, fixed for 3 minutes in a 2.5% sodium thiosulfate solution, rinsed with ultrapure water, stained with nuclear fast red (3 minutes), rinsed with distilled water, dehydrated in graded ethanols, cleared in xylene, and mounted (Permount, Fisher Scientific, Fair Lawn, NJ)." Positive control tissues included lungs from gnotobiotic pigs experimentally infected with PRRSV. Lungs from noninfected gnotobiotic pigs served as negative controls.
Nine fetuses and tissue from two fetuses necropsied by the submitting veterinarian were examined. Fetuses from herd Nos. 2, 3, and 4 were fresh, partially decomposed, or mum- mified. None of the tissues from pigs of herd Nos. 1-4 had gross lesions.
Microscopically, hearts from fetuses in herd No. 1 had generalized lesions (2/2 fetuses) characterized by broad areas of myofiber loss with replacement by fibrous connective tissue and scattered small interstitial foci of lymphocytes and plasma cells (Figs. 1,2). PRRSV was isolated from fetal tissue homogenates. Fetal thoracic fluids were IgG positive and negative for PRRSV antibodies.
Fetuses in herd No. 2 had microscopic lesions in the heart (3/3 fetuses), brain (1/3 fetuses), and a pulmonary artery (1/3 fetuses). The hearts had multiple small subepicardial and myocardial interstitial foci of lymphocytes and plasma cells ( Fig. 3 ). In the lung, an artery adjacent to a secondary bronchus had a large focus of lymphocytes in the subendothelial layer. Multifocally, there was mild lymphoplasmacytic perivascular cuffing of capillaries in the cerebellar white matter. PRRSV was isolated from fetal tissue homogenates and fetal serum. Also, three fetal sera contained IgG and had PRRSV antibody titers of 1 : 64, 1 : 256 and 1 : 1,024, respectively.
Single large arteries in lung, kidney, and heart of one of the three fetuses from herd No. 3 were partially surrounded by various numbers of lymphocytes and macrophages and had various numbers of macrophages and lymphocytes within the tunica media and the subendothelial layer ( Fig. 4 ). There was focal endothelial necrosis in the affected kidney artery. Hearts in two of these three fetuses had multiple to coalescing small subendocardial foci of lymphocytes. Immunohistochemical staining of lung identified PRRSV in macrophages within the tunica media and surrounding connective tissue of the arterial lesion and also in a separate focus of interstitial macrophages (Fig. 5 ). Fetal thoracic fluid contained IgG, but antibodies to PRRSV were not detected. No virus was isolated from tissue homogenate.
Two mummified fetuses and one live-born pig that died shortly after birth were submitted from herd No. 4. Micro- scopic lesions were limited to the cerebellar white matter of the live-born pig and consisted ofmoderate multifocal mononuclear inflammation (Fig. 6) . Immunohistochemistry identified PRRSV in macrophages or endothelial cells of an arteriole in lung from the live-born pig. Fetal thoracic fluid was negative for IgG and PRRSV antibodies. No virus was isolated from tissue homogenate. Sow or gilt sera (5, 2, 15, and 12 samples from herd Nos. 1 4 , respectively) accompanying each case or submitted subsequently had PRRSV titers ranging from 1 : 64 to 1 : 1,024 (initial serum dilution of 1 : 16).
Tests for other abortogenic agents were negative. Pseudorabies virus was not isolated from tissue homogenates cultured on PK-15 cells.13 Tissue homogenate from herd Nos. 2, 3, and 4 were submitted to the National Veterinary Services Laboratory, Ames, Iowa, and were negative for encephalomyocarditis virus, hemagglutinating encephalomyocarditis virus, parvovirus, adenovirus, enterovirus, rotavirus, and swine influenza virus. Direct fluorescent antibody examinations of kidney smears and frozen lung sections were negative for Leptospira sp. and porcine parvovirus, respect i~e l y .~J~ Lung and fetal stomach contents cultured on 5% sheep red blood cell agar identified mixed nonhemolytic Streptococcus sp. and mixed nonhemolytic coliforms in herd Nos. 1 (lung only), 2, and 3 and mixed nonhemolytic coliforms and Proteus sp. from herd No. 4. There was no growth from fetal stomach contents from herd No. 1.
Findings in these cases indicate that PRRSV causes fetal myocarditis, myocardial fibrosis, arteritis, and encephalitis. From 11 fetuses, lesions were identified in five hearts, two lungs, two brains, and one kidney. Similar lesions occur in conventional and gnotobiotic pigs infected with PRRSV.3J5 Fetuses aborted as a result of PRRSV infection usually do not have lesions.* However, there is a report of vasculitis (thought to have originated in utero) in a PRRSV-infected neonatal pig and a report of pulmonary hemorrhage with bronchial/bronchiolar epithelial and submucosal smooth muscle necrosis in fetuses experimentally infected with
The association of PRRSV with abortion in these herds was based on PRRSV isolation from tissue homogenates and fetal serum, demonstration of PRRSV in tissue by immunohistochemistry, the presence of anti-PRRSV antibodies in fetal sera, microscopic lesions consistent with PRRSV lesions PRRSV.5.7
Brief Communications and Case Reports in conventional and gnotobiotic pigs reported previously, PRRSV antibody titers in sows or gilts of each breeding herd, a typical clinical history, and the absence of other swine p a t h o g e n~.~J~ Detection of immunoglobulins in thoracic fluid indicates antigenic stimulation of the fetal immune system and is compatible with an infectious cause for the abortion.'O Autolysis or high environmental temperature will inactivate PRRSV in tissues and may have accounted for the failure to isolate the virus from tissue homogenates from herd Nos. 3 and 4.18 Autolysis may have prevented the isolation of other abortogenic agents, although swine abortion induced by multiple agents is rare. This is the first report of myocarditis, vasculitis, and encephalitis in fetuses naturally infected with PRRSV. Although fetal lesions in PRRSV abortions seemingly are uncommon, diagnosticians should consider PRRSV when these lesions do occur. Key words: Bacterial diseases; encephalitis; infarction; Japanese macaque; Macaca fuscata; myeloencephalitis; nervous system; primates; Streptococcus viridans. Different species of the genus Streptococcus have been associated with meningitis, encephalitis and brain abscess in both human and nonhuman primates. With the exception of S. pneumoniae, which has been related to outbreaks of suppurative meningitis,12 streptococcal infections of the central nervous system are sporadic and consist of isolated cases. In these infections, Streptococcus is usually spread via the blood stream from a primary lesion such as endocarditis, pneumonia, or period on ti ti^.^,^,^ The aim of the present report is to describe an outbreak of encephalitis in a colony of Japanese macaques (Macaca Fuscata) associated with a viridans group Streptococcus biochemically similar to S. salivarius.
Affected animals were members of a group-living colony of 40 Japanese macaques housed in an indoor/outdoor facility and used exclusively for behavioral research for 10 years.3 No major health problem has been reported over this period, and no new animal has been introduced. Animalhuman contacts are limited to the yearly trapping of animals for routine examination. The daily diet consists of commercial monkey chow, grains, fruits, and vegetables. Descriptions of affected animals and chronologic data of the epizootic are presented in Table 1 .
The first affected macaque (No. 1) showed right hemifacial paralysis, left flexion of the neck, and mild incoordination. Neurologic deficits increased progressively. The second macaque (No. 2) displayed similar nervous signs, and 5 days after the onset, this macaque was found in lateral recumbency, unresponsive to stimulation. Tetraplegia and horizontal nystagmus were observed. The third macaque (No. 3) was affected by a light vestibular syndrome and paraparesis. The administration of oxytetracycline did not stop progression of the disease. Macaque No. 5 showed right side hemiparesis, which increased progressively in spite of treatment with enrofloxacin and dexamethazone. Five days later, the animal was in lateral recumbency and dyspneic. Blood from macaque Nos. 2,3, and 5 was cultured (blood culture system, Unipath, Nepean, ON, Canada) Macaque Nos. 1, 2, 3, and 5 were euthanatized for humane reasons (Table 1) . Macaque No. 4 showed pronounced lethargy 2 days before the appearance of head tilt, proprioception deficit of the left leg,
